Purpose -Mobile banking, also known as m-banking, provides low cost, innovative and easily accessible services to customers with technological developments as compared to retail banking. In this context, m-banking quality factors of the banks are considered to be important issues for customers. The aim of this study is to analyze the m-banking quality factors and to rank banks offering this service in Turkey under incomplete, inconsistent and indeterminate information. Methodology -First linguistic expressions of experts are converted to crisp values via approximation approach proposed by Chen and Hwang. Then, the Single Valued Neutrosophic Set (SVNS) based entropy, which deals with incomplete, indeterminate and inconsistent environment better than fuzzy set, is used to rank the banks providing m-banking services in Turkey. Findings-Findings show that the Denizbank has the best performance in m-banking applications followed by TEB and ING. Additionally, in terms of entropy weights, response time was found to be the most important criterion followed by accessibility, accuracy and trust. Conclusion-Banks could consider the criteria of response time, accessibility, accuracy and trust for improving the performance in mbanking services implementation.
INTRODUCTION
Within the last decade, banks started to provide innovative products and offer low-cost services via various distribution channels as a result of increased competition in the financial service sector. Technological developments can be considered as a crucial point for financial services industry. Since the 1990s it is possible to offer low cost, convenient, easily accessible and high value-added services in the banking sector as a pioneer in adopting internet and mobile technology (Laukkanen, 2007: 788-797) .Alternative distribution channels provide cross-selling and new opportunities in terms of selling diversified services for banks. Another advantage of alternative distribution channels is the mitigation of fixed costs resulting from branches' physical maintenance, marketing and labor force costs.
be seen in Table 1 below. According to the Table 1 , the total number of registered customers that logged in at least once for the purpose of mobile banking in September 2016 was about 27.5 million. Compared to September 2015, this number increased by 64%. Additionally, the total number of registered customers that logged in at least once in 1-year period for mobile banking in September 2016 was about 21.5 million. Again, compared to September 2015 this number increased by %57 (https://www.tbb.org.tr/en/banks-and-banking-sector-information/statistical-reports/20).
The total number of registered customers that logged in at least once for mobile banking in June 2017 was about 37.5 million. Also, 24.5 million registered customers logged in at least once within the period of April-June 2017. The total number of active customers (retail and commercial) increased by about 2 million compared to the previous year. Lastly, the total number of registered customers that logged in at least once in 1 year period for mobile banking in June 2017 was about 30.5 million (https://www.tbb.org.tr/tr/internet and mobile banking statistics/3635). While the total number of financial transactions via m-banking within the period of January-March 2016 was about 102 million, the total amount transacted was 190 billion Turkish lira. Money transfers involving EFT, money orders and foreign currency transfers constitute 59% of financial transactions volume (https://www.tbb.org.tr/tr/internet and mobile banking statistics/3635). From the forgoing, it is essential to analyze the rapidly growing Turkish mobile banking system in terms of its quality factors. Lin (2013) defines the concept of m-banking quality as customer judgments with respect to the quality of mobile content delivery in terms of m-banking. Mobile banking quality factors can therefore be considered as important issues for customers.
In this study, we seek to evaluate the satisfaction levels of users of m-banking applications of thirteen banks operating in Turkey. For this purpose, sixteen mobile banking quality criteria are examined and banks providing these services are ranked under the single valued neutrosophic sets (SVNS) entropy based multi-attribute decision making (MADM).
This study is organized in five sections. Brief introduction of the m-banking concept is explained in section 1. M-banking related literature review is presented in section 2. The data and methodology of study are introduced in section 3. Findings and discussions are given in section 4. Finally concluding remarks are mentioned in section 5. Tan and Chou (2008) analyzed the effects of mobile service quality and its compatibility with mobile technology on users' perceived playfulness in terms of mobile information and entertainment services. To achieve this, partial least squares (PLS) technique was used by considering seven mobile service quality dimensions namely perceived usefulness, perceived ease of use, content, variety, feedback, experimentation and personalization. According to the results of PLS, perceived usefulness, perceived ease of use and personalization were found to be crucial mobile service quality factors that had an impact on perceived playfulness. In addition to that, mobile service quality and perceived technology compatibility as a mediator, significantly affected the users' perceived playfulness. Zhuo and Li (2010) assessed the mobile banking services of the eight major Chinese banks by constructing an evaluation model composed of five main criteria; system quality, information quality, interface design quality, brand quality and fees and privilege. The analytic hierarchy process was used for weighting criteria and ranking of the banks. While system quality was considered as highly important criterion, interface design quality was ranked as the lowest measure.
LITERATURE REVIEW
Zhou (2012) evaluated the users' initial trust in mobile banking by using elaboration likelihood model (ELM) with regards to central (information and service quality) and peripheral (system quality, reputation and structural assurance) cues. According to the results of the ELM, both central and peripheral cues had a significant impact on initial trust. Information quality, system quality and structural assurance had a larger impact on users' initial trust in mobile banking compared to the other factors. Also, self-efficacy positively moderated the effects of central cues composed of information and service quality on users' initial trust in mobile banking. On the contrary, it negatively moderated the effects of peripheral cues composed of system quality and structural assurance on users' initial trust in mobile banking.
Lin (2013) evaluated the relative importance of mobile banking quality factors between low (using mobile banking a few times a month or less) and high (using mobile banking a few times a week or more) experience groups via fuzzy analytic hierarchy process. Both groups were found to regard customer service as an important mobile banking quality factor. Padmanaban and Joseph (2014) analyzed the factors that had an impact on customers' adoption of mobile banking services in Chennai city via factor analysis. As a result, four significant factors composed of twelve items (banking hours, costeffectiveness, convenience, fund transfers, credibility, brand image, viewing transaction history, accessibility, mobility, standard of living, convenient shopping and utility bill payment) were found to influence the customers' adoption of mobile banking services.
As can be seen in the literature, there are various viewpoints with respect to mobile banking quality factors. In this study, having sufficient construct validity and reliability, proposed by Lin (2013) are adopted as the measurement criteria. Accordingly, sixteen mobile banking quality criteria (accessibility, response time, mobility, security, accuracy, currency, relevance, completeness, reliability, responsiveness, trust, empathy, multimedia capability, format, understandability and navigability) are considered as explained in Table 2 . 
DATA AND METHODOLOGY
Data was collected by designing and applying survey between dates September 10, 2017 and October 15, 2017. Descriptive analysis of the survey is presented in Table 3 . 
Converting Linguistic Terms to Crisp Scores
Most of the real-world MADM problems can contain fuzzy data apart from crisp ones. Therefore, a number of fuzzy MADM methods are proposed to solve these types of problems. But most of them require computational complexity when considered in detail. This caused drawbacks in solving real-world problems with with more than ten attributes relating to more than 10 alternatives (Rao, 2007, p.43 ).
Chen and Hwang (1992) presented a two-stage numerical approximation approach in order to overcome these disadvantages in a fuzzy environment. In the first stage, linguistic terms are systematically converted into fuzzy numbers and then the fuzzy numbers into crisp scores. A decision matrix composed of criteria and alternatives in crisp form is obtained as the result of the first stage. Then a suitable MADM method is applied for the ranking of determined alternatives. The method uses a fuzzy scoring approach for converting fuzzy numbers into crisp scores. The crisp score of fuzzy number F can be found according to Eq. (1) and (2) (Rao, 2007, p.44; Rao & Parnichkun, 2009, pp.6996-6997) :
The fuzzy max and fuzzy min of fuzzy numbers which are described can be included in comparison cases. The left score 
0 is the maximum membership value of the intersection of the fuzzy number   i F and fuzzy max. In addition to these, the total score
F is determined as Eq. (5):
A 5-point scale having linguistic terms 'low, below average, average, above average and high' is used to show the conversion of fuzzy numbers into crisp scores as shown in Table 4 . Journal of Economics, Finance and Accounting -JEFA (2017), Vol.4(4),p.354-367 Altinirmak, Okoth, Ergun 
The left, right and the total scores for the fuzzy number   1 F can be computed by considering Eqs. (11) - (13) as follows:
The left, right and the total scores for other fuzzy numbers  Thus, linguistic terms with their crisp scores can be represented as in Table 6 : Table 7 is considered for detailed representation of the value of qualitative attributes such as mobile banking quality factors. 
Neutrosophic Set
Smarandache ( (14):
The complement of an NS N is represented by C N and described as Eqs. (15) - (17):
An NS N is contained in other NS P, in other words, (Biswas, Pramanik & Giri, 2016b, pp.728-729) .
Journal of Economics, Finance and Accounting -JEFA (2017), Vol.4(4),p.354-367 Altinirmak, Okoth, Ergun, Karamasa 
Also, the sum of (Biswas, Pramanik & Giri, 2016a, p.29 
For two SVNSs such as   
The union of two SVNS namely 
Journal of Economics, Finance and Accounting -JEFA (2017), Vol.4(4) (29) - (31) (Liu & Wang, 2014) :
Single-Valued Neutrosophic Sets (SVNS) Entropy Based Decision Making
Nirmal and Bhatt (2016) proposed novelistic single-valued neutrosophic sets (SVNS) entropy based multi-attribute decision making (MADM) methodology composed of the following steps:
1. First step consisted of defining the type of decision-making problem (ranking, evaluation, sorting etc.) 2. After defining the problem type, alternatives regarding the criteria are identified. Values of the criteria may be qualitative or quantitative.
Decision matrix involving the criteria
regarding the decision-making problem is constructed. 4. Qualitative information is transformed to fuzzy numbers by means of matrix normalization techniques shown in Table  8 . Normalized input matrix non-beneficial criteria are created for the degree of indeterminacy and falsehood as
, the degree of truthness is considered as Economics, Finance and Accounting -JEFA (2017), Vol.4(4),p.354-367 Altinirmak, Okoth, Ergun 
Journal of
6. Entropy weight for the jth attribute is calculated according to the method proposed by Wang and Zhang (2009) 
FINDINGS AND DISCUSSIONS
As a result, 35 complete surveys were analyzed by using Excel 2013 Software. Firstly, the 11-point scale suggested by Chen and Hwang (1992) was used to convert the linguistic terms of 35 experts into crisp values. The geometric means of mobile banking criteria were computed to obtain crisp values of decision matrix in terms of each alternative. Decision matrix for crisp data is shown in Table 9 . After constructing the decision matrix, vector normalization method was used to obtain the normalized decision matrix. Then the normalized decision matrix was transformed into SVNS decision matrix consisting of the degree of truthness ( ), indeterminacy ( ), and falsehood ( ) by means of conversion rule for beneficial and non-beneficial criteria and can be seen in Table 10 . Journal of Economics, Finance and Accounting -JEFA (2017), Vol.4(4) Table   11 . According to Table 11 , entropy weights of the criteria are close to each other. Response time was, however, found to be the most significant criterion, followed by accessibility, accuracy and trust. On the other hand, understandability was determined to be the least important criterion. According to the results of entropy weights banks should give more importance to the accessibility, accuracy and trust in providing m-banking services. Experts indicated the criticality of easy to access, providing accurate information and confidence of using mobile devices for conducting banking transactions than other m-banking quality factors in customers' viewpoint. Finally, value of each bank   w L was computed by utilizing Eq.
(34) and ranked according to descending order as shown in Table 12 . and Yapi ve Kredi Bankasi (A7). On the other hand, İs Bankasi (A6) had the lowest w L value and ranked as the last. Also, it was observed that while private banks ranked as the top five positions, state banks ranked as the last five one. That shows the success of private banks in mobile banking applications compared to public banks in Turkey.
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CONCLUSION
Mobile banking quality as newly developed concept has gained importance in past decades. So analyzing the m-banking quality, defined as customer decisions with respect to the quality of mobile content delivery in terms of m-banking, is crucial for banks providing m-banking services in terms of improving customer adoption rate. In this study, SVNS entropy based decision making is used to rank banks providing mobile banking applications in Turkey under incomplete, indeterminate and inconsistent information. An approximation approach proposed by Chen and Hwang is used to transform respondents' linguistic terms to crisp values. To the best of our knowledge, this is the first study in evaluating mbanking quality factors of banks in Turkey from the neutrosophic set perspective. According to the results of entropy weights, response time was found to be the most significant criterion followed by accessibility, accuracy and trust. This indicates the importance of response time, accessibility, accuracy and trust for banks in implementing m-banking services. On the contrary, understandability was found to be the least important criterion according to the judgments of respondents. Banks can reconsider their m-banking services by taking experts' views into the account. Enabling easy to access, providing accurate information and confidence of using mobile devices for banking transactions can retain existing customers and increase their adoption in m-banking. From the banks' perspective, Denizbank was ranked as the first in mbanking applications followed by TEB and ING. On the other hand, Ziraat Bankası, Akbank and İş Bankası were considered as the three worst banks for implementing m-banking services.
In future studies, other neutrosophic logic-based techniques and normalization methods (out of vector normalization) could be used to analyze this concept. Also, when converting experts' linguistic terms into crisp ones, other transformation methods could be used. SVNS based entropy technique could be applied to the banking industries of different countries regarding the m-banking quality factors. Thus the practicability of study can be expanded. In addition, other m-banking quality criteria can be added to enrich the context of study. Lastly, this methodology may also be applied to different sectors.
